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[0001] The present invention relates to an improved pavement marking materiai, and a method for makina such 
pavement marking material. In particular the invention relates to a pavement marking materiai w .h a sLcrconfio 
ura.,on of upnght retroreflectors. such configuration selected for maximum retroreflectivity when measured at ae" 
ometnes corresponding to actual obsen,ation conditions as from a typical automobile, The^inven ioTal o e14' o 
patterned pavement markings w,th specularly reflective pigments such as pearlescent pigments and aiurrtnum flake ° 
The invention also relates to patterned pavement markings with ultravloiet-fluorescent figments 

T'"' delineating the centerline and edgeline of a roadway are important in 

Irt IT l""!"'' '='^«"^"9« '^^ indust,y is to pro'de pavtr^l 

markings of increasing brightness, particularly at nighttime when visibility is limited pavenient 

f^n!?' ^ITl^'^' "l^.^""^"' °" ^" °P'"=^' ^y^'^'" comprising transparent microspheres par- 

(TiO^) 0 lead chromate (PbCrO^) as reflectors. In use, light from the headlamp of a vehicle ente,^ the r^cTosoh^e 
entrance path in the direction of the vehicle so as to be visible to the vehicle driver. 

[0004] Pavement marking tapes with reflective protrusions or protuberances on their upper surfaces sometimes 
S tv ^"soLCr' "Tt - <l«lrabie than fla, pavement malgs o~ 

I^fJrtll ^-^ "'^ "^^ '"^'^^^ "^"^ '^'^ P^''^--" ^"0" of rain water Also the 

^o^JT"r'7 I" non- orizontai surfaces to support retroreflective microspheres. The non-horiJntarsurlice 
or h?m T °' '^^ ■"''='-°^P'^^^«« abrasive wear by traffic and provides a more effectte orien,a«on 

aXtrrrctrpiSr • ' "^^^"^ °' « ~ 

=:hirct^:^reS=^^^^^ 

Eh«^,tH'',''°', ^-T^^^ ^■'"'■"^^ « Pa^^'"^"! '"arking comprising a 

to n ?1 , P™'™f '^^^'"S ^ '°P ='<^s surfaces. Selected side surfaces are covered Z a bead 

mTJr -T, microspheres are subsequently partially embedded. U.S. Pat. No 5 227 2I? 

^rfi'T' h'^ ! ^^T^"' '"^'"'"^ comprising a base sheet and integral protrusions having a top and side 
0007? t ' ' °' ^^"^ P""™^»" ~<J with a bead bond layer 

S t„» patents disclose pavement mari<ings embodying a unlfomi pattern of protrusions- 

S0O8I U rP«f M '■.'7^;ror,i°' T "^T"'""' ^'^ ^"'■^'^""^"y '"^ '^"'-^ the face of the r^S 

^ I ■ ■ (Bingham) discloses the use of specular pigments such as nacreous pigments or 

aluminum lakes dispersed in a binder. This coating is applied to fabrics, and transparent retrorefieXe mfc^o^pheres 
applied to the coating to make retroreflective clothing '"Buureiieciive microspheres 

Thl'l ^^"1^ .^^f '^^^^^^ ^ ^''P '"^ "'^''"^y^. discusses a martcer strip in which lines 

and ttie like, and also enable the maintenance of a sufficient longitudinal spacing to prevent the obscurino of the s trio 
by shadows of .he blocks cast in sunlight. The blocks may be arranged in staggered rows, may have a heiqh of ' 27 
mm (0.050 mches) and may be separated by a longitudinal separation distan^^ of about 7 8 mm lo 700 inchel) 
m Retroreflectivity is currently typically measured by an instrument in the laboratory, at fTxTd erTrance a^d ob 
b r'r" TT^ ''^™ °' "'"^^ frransportation Research RrordUOQ pub^sLd ?994 

ann «T ''°H t°". ^"'^^"^^ at which light is incident and obsen,a«!n 

angles f om which a driver actually views a pavement marking, referred to hereinafter as "approximate drier ^e 
ornetnes , are greatly different from those geometries at which reflectance values are currently measuTed^the labo 

meaLTed 17- ™' "^'^her brightness values compared to that standard when 

measured at approximate driver geometries. oianuaiuwiiBii 

tTlL 7"^ 'u"^""™ ^ P^^^'"^"' '"^••"'"S '"^terial according to claim 1 . The pavement mark- 

ZaMrit '""J""""''": P^"^'"^^ '"^^^^^^-^ retroreflective performance due to selected con^^uratbn of 

up gh retroreflectors as descnbed below The selected configuration results in minimized shadowing so that the mos 

Setiiomsr^r f °" '^^ ^'^^^ °' "P"^^' retroreflecor' ar e Josed ,0 

nciden light. Shadowing refers to the vertical aspect of an upright retroreflector blocking, orshadowing nearby upriaW 

rrs: ::d^,hrr n^r " - - ™ 

[0012] When evaluating retroreflective brightness or retrorefiectivities of various constructions at the approximate 
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driver geometries, relative retroreflectance ranl<ings have been found to have dramatically changed from those deter^ 
mined at laboratory geometries. In order to accurately compare retroreflectivities, and therefore practical utility of pave- 
ment markings, it is necessary to not only measure all constructions being evaluated at a selected range of geometries 
but also to ensure that the chosen geometries are approximate driver geometries. 

[0013] In brief summary, the invention provides a pavement marking material comprising a continuous polymeric 
base sheet having a plurality of upright retro reflectors on its upper surface. The upper surface is made up of a plurality 
of segments arranged in a selected manner, with each segment having a front edge, rear edge and two side edges 
Each segment also has one upright retro reflector or an array of a plurality of upright retroref lectors positioned along 
Its front edge and a spacing zone that is free of upright retroreflectors along its rear edge such that the upright retro-, 
reflectors are positioned closer to the front edge than to the rear edge. The longitudinal length of the spacing zone (i 
e., tn the direction of the front edge/rear edge axis) is greater than the average distance between adjacent upright 
retroreflectors. The pavement marking material comprises a plurality of segments arranged with the front edge of a 
segment abutting the rear edge of an adjacent segment. The term segment merely refers to the spatial arrangement 
of specified portions of the upper surface. The upper surface may be an integral sheet with retroreflectors formed 
therein or may actually be made up of separate pieces that are tiled or arranged together. Several examples of possible 
segments are shown in Fig. 2. When applied to a roadway, the marking material is oriented such that the front edge 
to rear edge axis of each segment is parallel to the major direction of travel. 

[0014] In some embodiments, the array of the segment comprises a plurality of rows. In such instances they are 
preferentially offset from each other so that the front surfaces of upright reflective elements in each row are' exposed 
to incident light. Selected side surfaces are covered with a bead bond layer, into which a plurality of particles are 
subsequently partially embedded. The particles include retro reflective microspheres and skid-resistant particles The 
bead bond layer, or binder layer, may contain reflective pigments. The reflective pigments may be diffusely reflective 
pigments such as titanium dioxide or lead chromate. Alternatively, the reflective pigments may be specularly reflective 
pigments such as pearlescent (nacreous) pigments or aluminum flakes. In addition to the reflective pigments the binder 
layer may also include ultraviolet-fluorescent (UV-fluorescent) pigments. 

[0015] The primary use of this invention Is as a patterned or profiled pavement marking. The invention has greater 
retroreflectivity at entrance angles common to roadway delineation than comparable constructions not employing an 
optimized configuration of upright retroreflectors. The optimized configuration results in the exposure and utilization of 
the most optically effective retro reflective elements, those on the vertical sides of the upright retroreflective elements 
Patterned or profiled pavement markings with the upright retroreflectors arranged closer together will have vertical 
sides of subsequent upright retroreflectors blocked or shadowed by the upright retro reflector in front of it Therefore 
most of the retroreflective effect that results from such a pavement marking is from the retroreflective elements on or 
near the top surfaces of the upright retroreflectors, which are less optically efficient than those on the vertical sides of 
the upnght retroreflectors. In short, the major advantage of an upright retroreflector, the ability to utilize the highly 
efficient specularly reflective pigments and reflectors with the microspheres, is lost or greatly diminished 
[0016] Pavement markings of the invention with their optimal configuration of upright retroreflectors are also expected 
to have better confomianco to the road than a comparably constructed pavement marking with more of these upright 
retroreflectors spaced closer together. The reason'the pavement marking will be more conformant is because it has a 
greater percentage of depressed areas void of upright retroreflectors. These depressed areas are thinner resulting in 
better overall confomnability. ' 

[0017] Pavement markings of the invention may also have improved skid-resistance since there are larger areas of 
flat base sheet between arrays of upright retroreflectors. 

[0018] In addition, pavement markings of the invention will be less expensive to manufacture. Since the expensive 
microspheres are only applied to the upright retroreflectors. the reduced numbers of upright retroreflectors results in 
less microspheres being needed. Also, the materials which make up the base sheet will also be minimized 
[0019] The present invention also provides a method of making a pavement marking sheet material accordinq to 
claim 11. ^ 

[0020] The invention will be further explained with reference to the drawing, wherein: 

[0021] Figure 1 is a schematic diagram of a pavement marking material with upright retroreflectors. 

[0022] Figure 2 is a schematic diagram of a pavement marking material similar to Fig.1 with a selected configuration 

of upright retroreflectors to maximize reflectivity by minimizing shadowing. 

[0023] Figure 3 Is a schematic diagram demonstrating the calculation of optimum height and spacing of the upright 
retroreflectors for a given entrance angle. 

[0024J Figure 4 is a schematic diagram of an embodiment of a protrusion demonstrating the optics of the incident 
light falling on the microspheres on the sides of the upright retroreflective elements, demonstrating the criticality of the 
vertical surfaces being exposed to Incident light. 

[0025] Figure 5 is a schematic diagram of an embodiment of a protrusion with binder layer and particles over the 
entire exposed surface. 
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[0026] ThesG figures, which are idealized and not to scale, are intended to be merely illustrative and non-limiting 
[0027] As mentioned above, the invention provides a pavement marking with a selected configuration of upright 
retroreflectors so as to maximize reflectivity by minimizing shadowing. Spacing the upright retroreflectcrs so that the 
vertical sides of the upright retroreflectors are exposed ensures that the most optically efficient retroreflective elements 
those on the vertical sides of the upright retroreflectors, will be utilized. 

[0028] An upright retro reflector may be comprised of either a protrusion which is an integral part of the base sheet 
or a separately fomned protrusion which is applied to a flat base sheet. In the case of protrusions which are an integral 
part of the base sheet, all (see Fig. 5) or selected surfaces (see Fig. 4) of the protrusion may be covered with a binder 
layer, into which a plurality of particles are subsequently embedded. The particles include retroreflective microspheres 
or skid-resistant particles, or a combination thereof. The binder layer may contain reflective pigments and UV-fluores- 
cent pigments. In the case of protrusions applied to a flat base sheet, the protrusions may be formed for example by 
extruding a rod of material, for example a thermoplastic containing reflective pigment, in a desired shape and adhering 
retroreflective microspheres to the rod, which is then cut into wafers. An alternative would be to embed ceramic mi- 
crospheres into a themioplastic pellet containing a specular reflective pigment. The base shape of these protrusions 
that IS. the shape of the base of the protrusion in the plane parallel to the surface of the base sheet, may be of any 
suitable shape, for example a polygon or a circle or an oval. Alternatively, sheets of retroreflective material may be 
applied to the rod before it is cut into wafers. Illustrative examples of retroreflective materials that may be used in this 
manner include microsphere-based retroreflective sheeting, e.g.. encapsulated-lens, exposed-lens, or embedded-lens 
retroreflective sheeting, and cube comer type retroreflective sheeting. In view of the relatively small size of the upright 
retroreflectors in this invention as compared to the typical size of the cells in conventional cellular products it will 
typically be preferred to use embedded-lens or exposed-lens microsphere-based products or aluminized cube comer 
type products rather than cellulai- microsphere-based or cube comer products. Particles may optionally be applied to 
the top surface of the wafers if desired. In either embodiment of protrusion, whether the protrusion is an integral part 
of the base sheet or is a separately formed protrusion which Is then applied to a base sheet, the protrusions may be 
coated with binder layer and microspheres or sheets of retroreflective material in such a manner as to be one color 
when viewed from one direction and another when viewed from the other direction. For Instance, one kind of retrore- 
flective material may be placed on one side of the upright retroreflector and a second material placed on the other side 
of the upright retroreflector, so that the color and/or retroreflective effect depends on the direction of approach 
[0029] It is generally accepted that for night driving, the driver is looking on the order of 50 meters ahead of the 
vehicle most of the time, i.e., just beyond the reach of the low-beam or dipped headlights on the road. At this distance 
and beyond only the raised surfaces of a typical profiled pavement marking are visible to the driver, as the flat base of 
the marking is obscured by the raised elements. At closer distances, such as 5 to 1 5 meters, the driver usually observes 
the lane markings as peripheral images and makes use of them for lateral positioning within the lane. At these closer 
distances, the portion of the flat base between the protrusions tend to be the dominant visual aspect of the marking 
[0030] Nighttime visibility performance of pavement markings is predicted by a surrogate method of laboratory or 
field photometric measurement. There are currently several photometric systems In use that vary widely in geometric 
and precision capability. 

[0031 1 With the advent of pavement markings with a variety of retroreflective optical systems and surface charac- 
tensjics, measurements in the laboratory and field have been found to lack correlation with the markings' actual visibility 
perfomnance as experienced by motor vehicle drivers. (Transportation Research Record 1409 published 1994 by the 
Transportation Research Board) 

[0032] For example, as measured by conventionally used photomethc systems, a conventional pavement marking 
with a large number of uniformly arranged upright retroreflectors will exhibit a higher retro reflectivity than a similar 
pavement marking with every second and third row of upright retroreflectors removed. When measured at approximate 
driver geometries however, the pavement marking with every second and third row of upright retroreflectors removed, 
that is, with 2/3 of its upright retroreflectors removed, may have a higher reflectivity. This is because when the upright 
retroreflectors are closer together, the sides of the successive upright retroreflectors are covered or shadowed by the 
preceding upright retroreflector, so that only the retroreflective elements on or near the tops of the upright retroreflectors 
are struck by incident light. The most optically efficient microspheres, those on the vertical sides of the upright retro- 
reflectors. are not utilized to the extent that the vertical surfaces are covered. The reason the retroreflective surfaces 
on the vertical sides of the upright retroreflectors are more efficient is because incident light from the headlamp of a 
motor vehicle will fall closer to normal on these vertical retroreflective surfaces than it will on retroreflective surfaces 
on the flat portion of the pavement marking. The closer to nonnal the light falls on the retroreflective surface, the more 
efficient the retroreflective surface becomes because of its increased ability to allowmore light to enterthe retroreflective 
element. 

[0033] The entrance angle may be defined as the angle between the illumination axis and the retroreflector axis- 
that IS, the angle between the light source and an angle perpendicular to the surface being viewed, in this case the 
surface of a pavement marking, e.g., the portion from which a number of microspheres partially protrude. The obser- 
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vation angle may be defined as the angle between the illumination axis and the observation axis 
[0034] The instruments available to measure reflectivity in the laboratory or in the field are generailv capable of 
measuring entrance angles of about 86.0" to 86.5^ and observation angles of about 1 OMo 1 5' ASTM 01 26 23 
standard calls for a geometry of a6.070.2^ i.e.. ae.C* entrance angle and 0.2o observation angle. These are unrealistic 
geometnes for pavement markings, as these geometries would in effect place the viewer some distance behind the 
vehicle from which the object is being viewed. Following are some calculated geometries for an American mid-size 
automobile at selected distances between a light source and a pavement marking: 30 meters is approximately 88 5«*/ 
1.0 , 50 meters is approximately 89.3V0.6r and 80 meters Is approximately 89.670.4° As can be seen from the 
selected distance examples, the entrance angles encountered by automobile drivers are much higher than the 86 0- 
10 specified in the ASTM standard. u.coo.u 

[0035] The general formula which is used to calculate a desired distance between protrusions of uniform heiaht in 
order to completely expose (i.e. . free of occlusion at actual presentation orientations) the vertical surfaces of subsequent 
protrusions and thereby maximize retroreflectivity as measured at approximate driver geometries is given by 
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The distance calculated from this formula will be that distance which will result in no shadowing- that is the entire 
vertical surface of each protrusion will be fully exposed to incident light at that entrance angle 
[00361 This is illustrated in Figure 3 wherein Y is the distance from automobile headlight to first upright protrusion or 
retroreflector. H is the height of protrusions, X is the spacing between protrusions, and p is equal to 90o minus the 
entrance angle of incident light. ^ h minus me 

[0037] It should be kept in mind that optimal spacing of protrusions in terms of other aspects such as water dralnaae 

wearresistance.orskid resistance. maybedifferentfromthespacingofprotrusionscalculatedforoptimalretroreflectL 
perfonriance. If the distance between protrusions is sufficiently large relative to the width of the base of the protrusions 
the width of the protrusions will have minimal impact on shadowing. As the protrusions are spaced closer toqether 
however the impact of the protrusion width Increases. 

[0038] The material of the pavement marking should be of sufficient strength to resist permanent deformation or 
excessive wear under the weight of traffic. The base sheet is typically a resilient polymeric base sheet If the base 
sheet compnses integral protrusions, the protrusions have a top surface and at least one side surface The tops of the 
protrusions essentially define a plane substantially parallel to the surface of the sheet. Preferably, less than 45 percent 
of the area of the base sheet is covered by protrusions. More preferably less than 1 5 percent of the area of the base 
sheet IS covered by protrusions. 

f?°cf o . 'I.'"'? 5'^ ^f^^ ^^^^^ ""^^ preferably be formed using known methods and materials, such as described in 
U.S. Pat. No. 4,490.432 (Jordan). The base sheet described in the patent comprises elastomer precursors not yet 
vulcanized or cured, which therefore pemiit viscoelastic defomiation. Exemplary materials are acrylonitrile-butadiene 
polymers, millable urethane polymers and neoprenes. Extender resins may be included. Particulate fine-diameter fill- 
ers, such as silica, may be included. Pigments, such as titanium dioxide, are preferred in the base sheet to provide a 
^0 - Sarts a'ye^^ ^"""'""^ °^ ^"'^ ^""^ protrusions. Another useful pigment is lead chromate which 

[0040] The binder layer may contain reflective pigments. The pigment may be a diffusely reflective pigment such as 
Itanium dioxide or lead chromate, or may be a specularly reflective pigment such as peariescent pigment or aluminum 
flakes. Alternatively, the microspheres may instead be coated with a specular reflector, e.g.. dielectric aluminum or 
SI ver, on their embedded portions, hereinafter referred to as coated microspheres. The binder layer may also contain 
UV-fiuorescent pigments. The binder layer is formed by mixing the pigments into a light-transmisslve medium and 
then coating or applying this medium onto the integral protrusions of the base sheet. The important properties for this 
binder include light-transmissivity. durability for intended use. ability to keep the pigment particles suspended and 
adequate wetting and bead adhesion. It is important that the coating medium be light-transmisslve so that light entering 
the retroreflective article is not absorbed by the medium but is instead reflected back. For ease of coating the mediur^ 
will preferably be a liquid with a viscosity of less than 10,000 centipolse at room temperature. Vinyls, acrylics epoxies 
and urethanes are examples of suitable mediums. Urethanes such as disclosed in U.S. Pat No 4 988 555 (Hedblom) 
are a preferred medium. Any suitable mixing technique that avoids high shear that would deleteriously change the 
particles shape may be used to disperse the pigment in the medium. The dispersion is then coated onto the integral 
protrusions of the base sheet. After coating, specular pigment flakes in the designated size range and in the designated 
concentration tend to orient themselves with their flat surfaces in approximately tangential relationship with the micro- 
sphere. Preferably these pigments will bend through their broadest dimension to conform to the contour of the micro- 
sphere in a cup-like fashion, thereby providing good retroreflective efficiency 

[0041 ] Specular pigment flakes which may be used in the invention are generally thin, plate-like particles, which are 
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large m comparison to the diffusely reflective pigments commonly used in pavement markings. The key property of 
these pigments is that their length and width is much greater than their thickness. Other specular flakes possessing 
this property may also be used. Due to this property of being much greater in length than in thickness, these flakes 
tend to align themselves parallel to the web or surface on which they have been coated. When the microsphere is 
dropped on and indents the coating, the flakes tend to line up around the embedded portion of the microsphere like a 
coating. This property is known as "leafing". This tendency of the flakes to effectively coat the microsphere results in 
higher levels of reflectivity, as the reflectivity will have a larger specular component than if this coating did not take 
place. Particularly preferred specular pigments because of their very large increase in reflectivity are pearlescent piq- 
ments and aluminum flakes. 

[0042J Specular pigments have a large specular reflectance component, so that light hitting the pigment particle 
tends to be reflected at a mirror image from nomial of the angle at which it entered. These specularly reflective flakes 
have an average maximum dimension falling in the range of about 4 to about 36 micrometers and an average thickness 
in the range of about 2 to about 5 micrometers, the binder preferably containing at least about 20 percent by weight 
based on dry weight of pigment compared to total weight of medium and pigment. More preferably, the weight percent 
of pigment will be higher, in the range of 35 to 40 percent. If the concentration of pigment is too high or too low the 
leafing ability of the pigment may be interfered with, and the brightness decreased. An example of a suitable pearlescent 
pigment is a typical mica-based pearlescent pigment also containing titanium dioxide available from the Mearl Corpo- 
ration of New York, New York. An example of a suitable aluminum flake is ATA 2100, with average particle size of 32 
Hm, available from Alcan-Toyo America, Naperville, Illinois. 

[0043] Ultra-violet (UV) fluorescent pigments may also be added to the binder layer. UV-fluorescent pigments are 
pigments that fluoresce light in the visible spectrum when excited by the ultraviolet light from a special W-headlamp 
of a motor vehicle. The UV light from the motor vehicle's headlamp falls onto a microsphere, and is diffracted below 
to fall on the pigment in the binder layer. The pigment is excited by the incident UV light, and gives off energy as light 
in the visible spectrum, some of which is visible to the driver of the motor vehicle. The important property of these 
pigments are that they are excitable by UV light, and subsequently emit light in the visible range. These UV-fluorescent 
pigments will often have a specific daytime color. An example of a suitable UV-fluorescent pigment is Blaze Orange 
GT-1 5-N, available from Dayglo Corporation (Naico Chemical Company) of Cleveland. Ohio. The fluorescent pigments 
are located throughout the binder layer. 

[0044] The transparent microspheres of some embodiments of the invention range from about 25 to about 600 mi- 
crometers (Jim) in diameter, although larger microspheres will also work. Preferably, the microspheres range in diameter 
from 200 to 250 \im. The microspheres of the invention can be of any material suitable to adequately refract light such 
as ceramic or glass. Preferably, the microspheres are ceramic for durability. U.S. Pat. No. 4,564.556 (Lange) teaches 
the making of ceramic microspheres. The microspheres preferably have an index of refraction greater than 1 5 More 
preferably the index of refraction is greater than 1 .7. For those embodiments incorporating a diffusely reflective pigment 
such as titanium dioxide, the index of refraction is preferably about 1.85 to about 1.90. For those embodiments with 
specularly reflecting pigments, the index of refraction is preferably about 1 .93. 

[0045] Figure 4 is a schematic diagram of an embodiment of an upright retro reflector 40 of the invention The light 
42 enters the microsphere 44 which is partially embedded in a binder layer 43 comprising speculariy reflecting pigments 
The incident light 42 is refracted below to focus at the specularly reflective coating on the microsphere The light 46 is 
reflected at a mirror image from normal of the angle at which it entered. For a, specularly reflecting element on a 
horizontal surface, such as a flat pavement marking, the specularly reflecting surface returns light at such angles that 
little or none of the incident light is returned to the motor vehicle driver. It is for this reason that an upright element is 
cntical in order to make efficient use of the specular optics. It follows then not to lose this advantage of a vertical 
component by covering or shadowing the vertical sides. 

[0046] Figure 5 is a schematic diagram of another illustrative embodiment of an upright retro reflector of the invention 
Incident light 52 is retro reflected 56 by microsphere 54 which is partially embedded in binder layer 53 containing re- 
flective pigments. Binder layer 53 of upright retroref lector 50 also contains skid particles 58 partially embedded therein 
[0047] Retroreflective articles of the invention may be prepared in the following manner. The binder dispersion is 
prepared by mixing reflective pigment flakes and optionally UV-fluorescent pigments in a light-transmissive medium 
for example with an air mixer, taking care not to expose the flakes to high shear so as to maintain their integrity This 
dispersion is then coated onto the integral protrusions of a pre-embossed base sheet. The spacing of the protrusions 
IS determined as earlier specified. Coating is by any suitable means; squeeze roll coating as disclosed in U S Pat No 
4,988,541 (Hedblom) and U.S. Pat. No. 5.227.221 (Hedblom) Is a preferred method. Alternatively, a film of liquid bead 
bond supported by a release liner or sheet may be laminated to the selected surfaces of the protrusions. 
[0048] The microspheres are delivered onto the binder layer while it is still fluid so that the microspheres will sink 
into the coating and become partially embedded to a depth of approximately 50 to 60 percent of their average diameter. 
This depth of embedment is important for both adequate anchoring and efficient optics. The microspheres are delivered 
from a hopper usually equipped with a metering blade to control the number of microspheres put on If the binder is 
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coated from solvent, some of the solvent may be evaporated prior to placement of the microspheres in order to improve 
control of the depth of embedment. Alternatively, excess solvent may be evaporated after microsphere deposition The 
depth of embedment, or sink, of the microsphere is controlled through a combination of the relationship between the 
surface energy of the microspheres and the surface tension of the coating, and the viscosity of the fluid coating If the 
surface energy of the microsphere is close to the surface tension of the fluid coating, the microsphere will tend to float 
and not smk entirely into the coating. The surface energy of the microsphere can be altered by various surface treat 
ments, such as the use of surfactants. The viscosity of the coating may be controlled, for example through heatina 
solvent content, addition of thickeners, selection of composition, or addition of fillers. Thixotropic agents or other thick- 
ening agents may be added to the binder in amounts that will not substantially decrease brightness 
[0049] By controlling the surface energy of the microspheres and the rheology of the coating, the manner in which 
the binder material draws up around the microspheres is controlled. Capillation is the term used to describe the wickina 
action of the binder material around the microsphere. This capillation is important because the binder material forms 
a socket-like structure around the microsphere and holds it in place. With the capillation taken into account the micro- 
spheres are embedded on average to a depth of approximately 50 to 60 percent of their average diameter As the 
binder material hardens as by cooling, loss of solvent or other volatiles. or by chemical reaction such as cross-linkina 
or polymerizing, the microspheres are held in place. ^ 
[0050] Alternatively, retro reflective articles of the invention may be prepared by applying retroreflective protrusions 
to a flat base sheet. A rod of suitable material, for example a thermoplastic containing reflective pigment is extruded 
m a desired shape. Retroreflective microspheres may be applied to the rod which is then sliced into wafers Altemativelv 
sheets of retroreflective material may be applied to the rod before it is cut Into wafers. Particles such as skid-resistant 
particles or retroreflective microspheres may be applied to the top surface of the wafers before or after application to 
the base sheet if desired. 

[0051 1 In a particularly preferred embodiment, the base sheet has integral protrusions similar to those described In 
U.S. Pat. No. 4,988.555.(Hedblom). In commercial versions of the product disclosed herein, the protrusions described 
are squares about 1 millimeter (mm) in height and about 0.63 centimeters (cm) on each side with transparent micro- 
spheres partially embedded in and protruding from a binder layer containing reflective pigments. In this particular 
patent, the squares are in a regularly repeating pattern, and the spacing between the sides of the squares is about 
0.32 cm. The squares are 45«» from normal in the observation axis. Alternating rows are offset or staggered (see Fiq 
1 wherein is shown pavement marking 10 having protrusions 12 on base sheet 14 as described herein ) 
[0052] A particularly preferred embodiment of the invention differs from the embodiment disclosed in that patent in 
that every second and third row of protrusions are replaced by flat base sheet, and in that the protrusions are about 2 
to about 3 millimeters (mm) in height, (see Fig. 2 wherein is shown pavement marking 20 having protrusions 22 on 
base sheet 24 as described herein.) 

[0053] Another preferred embodiment of the invention differs from the embodiment disclosed in that patent in that 
every third through sixth row of protrusions Is removed. 

[0054] In another particularly preferred embodiment, the protrusions are the same dimensions with the same spacing 
as Fig. 2. only turned 45* so that the sides of the squares are perpendicular to the observation axis. 

Examples 

[0055] The invention will be further explained by the following illustrative examples which are intended to be non- 
limtting. Unless otherwise indicated, all amounts are expressed in parts by weight. 

[0056] The Coefficient of Retroreflected Luminance (Rl in mcd/m2/lx) was measured at typical industry standard 
geometnes. and at geometries more closely matching those actually encountered by a motor vehicle driver Measure- 
ments were made according to ASTM D 4061-89. Results are given in the following table. Intrinsic geometry as de- 
scribed in ASTM E 808-91 was used. Entrance/observation angles are stated. Presentation angle was kept constant 
at 0 degrees, onentation angle was maintained at -180 degrees. The entrance/observation angles given are for the 
left headlight, to centerfine marking, to observer at each of the distances specified. 

Example 1 : 

[0057] Is a sample of STAMARK^" Brand Pavement Marking Tape Series 380 obtained from the Traffic Control 
Materials Division of 3M. This material contains 225 micrometer ceramic microspheres with an index of 1 .75. 

Example 2: 

[0058] A piece of Example 1 was modified by leaving two transverse rows of raised protuberances as is then re- 
moving two rows with a razor blade. The sequence was repeated until a sample large enough for photometric work 
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was obtain'ed. 
Example 3: 

[0059] An example similar to number 2 except that for every two rows that remained untouched, four rows were 
physically removed. 

Example 4: 

[0060] An example similar to number 2 except that for every two rows that remained untouched, six rows were 
physically removed. 

Example 5: 

[0081] A second sample of STAfWARK™ Brand Pavement Marking Tape Series 380 was obtained from the Traffic 
Control Materials Division of 3M. 

Example 6: 

[0062] A piece of Example 5 was modified by leaving one transverse row of raised protuberances as is then removing 
two transverse rows with a razor blade. The sequence was repeated until a sample large enough for photometric work 
was obtained. 

Example 7: 

[0063] A sample of patterned rubber that is used In the product disclosed in Example 1 was squeeze roll coated with 
a polyurethane resin fomnulation incorporating 40 percent by weight Fine Pearl pigment (code number 139V particle 
sfze range 4-32 microns, specific gravity 3.2) made by the Mearl Corporation of 41 East 42nd Street New York NY 
1001 7. Immediately after coating. 1 .94 index of refraction ceramic beads were embedded into the urethane on the 
sides of the raised protuberances. The urethane was cured and any excess beads removed. Bead embedment was 
determined to be near 60 percent. 

Example 8: 

[0064] A piece of Example 7 was modified In the same manner as that of Example 2. 
Example 9: 

[0065] A prototype patterned pavement marking was produced by coating a film of urethane resin incorporating 33 
weight percent titanium dioxide. Ceramic microspheres used in Example 5 were embedded into the resin in a closed 
packed arrangement, and the urethane then cured. The film was then slit into strips 0.32 cm in height and 10 cm in 
length. The strips were adhered to wooden sticks of the same dimensions, and spaced five inches apart which closely 
corresponds to the geometric spacing an-angement of Example 3 and Example 6. 

Example 10: 

[0066] A prototype similar to Example 9 was produced using the pigmented urethane and ceramic microspheres as 
described in Example 7. 

Example 11 : 

[0067] A prototype similar to Example 10 was produced except that the pearlescent pigment was replaced by an 
equal weight percent of Aluminum Pigment Flake ATA 2100 (average particle size 32 microns, specific gravity 2 5) 
made by Alcan-Toyo America, 1717 North Boulevard, Suite 201 , Naperville, IL 60540. 

Example 12: 

[0068] A prototype similar to Example 1 0 was produced except that prior to placing the ceramic beads into the coating. 
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10 



15 



20 



they were coated with a silver reflecting mirror about their entire surface. After solidification of the coating the exposed 
surfaces of the ceramic beads were then etched with acid, which removes the silver coating from the exposed surfaces 
of the microspheres. The result was 100 percent oriented, hemispherical silver coated microspheres. 

Example 13: 

[0069] A sample of STAIVIARK™ Brand Pavement Marking Tape Series 380 was cut on the bias so as to give a row 
of square, raised reflective elements. The squares were parallel to the length of the strip. The strips were then adhesively 
attached in parallel transverse rows to a 4 inch wide strip of aluminum sheeting. The spacing between the rows was 
selected to be the same as that of Example 6. Very high reflectivity resulted because the vertical reflectinq surfaces 
were perpendicular to the direction of viewing. 

Coefficient of Retroreflected Luminance Rl in mcd/mS/lx (Left Headlight, Entrance/Observation 

Angle, Presentation = 0, Orientation = -1 80) 



Distance from Left Headlight, to Centerline 





Convention* 


3l Geometries 


30 Meters 


50 Meters 


80 Meters 


Example No. 


86.0/0.2 


86.5/1,0 


88.5/1.0 


89.3/0.6 


89.6/0.4 


1 


3200 


1900 


1550 


1900 


• 


2 


2250 


1400 


1500 


1700 


* 


3 


1800 


800 


1500 


2500 


* 


4 . 


1100 


500 


850 


1600 


* 


5 


2800 


1700 


1100 


1200 


1250 


6 


1700 


1050 


1300 


1500 


1700 


7 


28800 


2820 


1780 


1870 


2060 


8 




* 


* 


4800 


13000 


9 


2370 


1670 


2470 


2370 


2330 


10 


36000 


2990 


5080 


9870 


14700 


11 


45000 


41 60 


7190 


14400 


22800 


12 


74800 


9330 


15900 


34100 


49400 


13 


* 


* 


* 


* 


* 



25 



30 



35 



40 



* These samples were not measured at this set of photometric angles. 

[0070] Various modifications and alterations of this invention will become apparent to those skilled in the art without 
departing from the scope of this invention as specified in the claims. 



45 



Claims 



1. 



50 



55 



A pavement marking sheet material (20) comprising a continuous polymeric base sheet (24) having a plurality of 
protuberances (22, 40) on its upper surface, specified portions of said upper surface being spatially arranged to 
define a plurality of segments, each said segment having a front edge, a rear edge, and two side edges and having 
one or more upright retro reflectors (50) positioned along said front edge thereof, each protuberance having at least 
one side surface carrying retroreflective elements to fonn said upright retroreflector (50), said retroreflective ele- 
ments comprising transparent microspheres (44. 54) partially embedded in and protruding from a binder layer (43 
53), characterized in that: / \ > 

each said segment has a spacing zone free of upright retroref lectors (50), the spacing zone having a longitu- 
dinal length X given by X = H/tan(90o - 6), where H is a height of the one or more upright retroreflectors and 
9 is an angle whose value is between about 88.5" and about 89.6"; and 
said front edge of each such segment abuts the rear edge of an adjacent segment. 
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2. The sheet material of claim 1 further 
characterized in at least one of the following: 

a) said segments comprise arrays that comprise a plurality of rows of upright retro reflectors (50). said rows 
being parallel to said front edge of said segments; or 

b) said upright retro reflectors (50) are offset; or 

c) said sheet material comprises a plurality of segments arranged with one side edge of a first segment abuttina 
one side edge of a second segment. 

3. The sheet material of claim 1 or 2 wherein at least some of the upright retro reflectors (50) are protuberances 
(22,40) fomaed in said upper surface of said pase sheet, said protuberances having retroreflective elements ther- 
eon. 

4. The sheet material of claim 3 further 
characterized In at least one of the following: 

a) said side surface of said protuberances (22,40) fomns an angle of at least about 60« to the plane of said 
base sheet; or 

b) said protuberances (22.40) each have at least one dimension in the plane of the base sheet that is less 
than about 1 5 millimeters, have a height of at least about 1 millimeter, and have a side surface that is adapted 
to face oncoming traffic when said sheet material is applied to a roadway and which forms an angle to the 
plane of the base sheet of at least about 30^ said side surface carrying retroreflective elements protrudina 
from the surface; or r a 

c) said protuberances (22.40) occupy no more than about fifteen percent of the area of said base sheef or 

d) the areas between said protuberances (22,40) form a connected grid of valleys- or 

e) the areas between protuberances (22.40) fomn a connected grid of valleys running diagonally with respect 
to the direction of expected road travel; or ^ j 

f) all dimensions of said protuberances (22,40) in the plane of said base sheet are less than about 1 5 millim- 
eters; or 

g) the protuberances (22.40) have at least one dimension in the plane of said base sheet that is less than 
about 10 millimeters; or 

h) all dimensions of said protuberances (22,40) in the plane of said base sheet are less than about 1 0 millim- 
eters. 

5. The sheet material of claim 4 further 

characterized in at least one of the following: 

a) said microspheres (44,54) have an index of refraction of between about 1 .75 and about 2 0- or 
_ . b) said microspheres (44,54) have an average diameter from about 50 micrometere to about 600 micrometers- 
or ' 

c) said microspheres (44,54) are embedded to a depth of approximately 40 to 65 percent of their averaae 
diameter; or ^ 

d) said binder layer comprises ultraviolet-fluorescent pigment; or 

e) said binder layer comprises flakes of reflective pigment; or 

f) said binder layer comprises flakes selected from the group consisting of aluminum particles and nacreous 
pigments; or 

g) said binder layer comprises a diffusely reflective pigment; or 

h) said binder layer comprises flakes of reflective pigment, said flakes comprise 1 0 to 50 percent by weight of 
the total weight of the pigment flakes and binder medium combined; or 

i) said binder layer comprises flakes of reflective pigment, said flakes comprise 30 to 45 percent by weight of 
the total weight of the pigment flakes and binder medium combined; or 

j) said binder layer comprises flakes of reflective pigment, said flakes range in average length from about 4 
micrometers to about 36 micrometers; or 

k) said binder layer comprises flakes of reflective pigment, said flakes tend to orient themselves with their flat 
surfaces in approximately tangential relationship with the microsphere near the bottom of the microsphere 
bending through their broadest dimension to confonm to the contour of the microsphere- or 
I) said binder layer comprises flakes of reflective pigment, said flakes, while bending through their broadest 
dimension to conform to the contour of the microsphere, are a greater distance from the microsphere near the 
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midpoint of the microsphere where the contact with the binder ends than at the bottom of the microsph 

6. The sheet material of any of claims 1 to 5 further 
characterized in at least one of the following: 

a) said pavement marking sheet has greater 

reflectivity than a comparably constmcted pavement marking sheet with a greater number of upright retrore- 
flectors; or r a nwre 

b) saidpavementmarkingsheethasgreaterskid-resistancethanacomparablyconstructedpavementmarkinn 
sheet with a greater number of upright retroreflectors; or 

c) said pavement marking sheet has increased conformabiltty to a substrate than a comparably 
constructed pavement marking sheet with a greater number of upright retroreflectors. 

7. The sheet material of any of claims 1 to 6 further 

characterized in that said retroreflectors (50) are cube corner type retroreflectors. 

8. The sheet material of any of claims 1 to 7 wound upon itself into a roll form. 

9. The sheet material of any of claims 1 to 8 further 

Tj\eZ"owa\ ^^"^ """''^^^ retroreflectors (50) have a base shape selected from the following: polygon,. 

10. The sheet material of claim 9 further 

characterized in at least one of the following: 

a) said upright retroreflectors (50) have a base shape that is rectangular, said upright retroreflectors beinq 
oriented on base sheet such that one of the diagonals through opposing comers of each element is substan 
tially parallel with the longitudinal axis of the sheet material; or 

b) said upright retroreflectors (50) have a base shape that is rectangular, said upright retroreflectors beinq 
oriented on base sheet such that one of the sides of each element is substantially parallel with the longitudinal 
axis of the sheet material. ^ 

11. A method of making a pavement marking sheet material (20), said method comprises the steps of: 

1 ) providing a continuous polymeric base sheet (24) having a plurality of protuberances (22, 40) on its upper 
surface, each protuberance (22, 40) having at least one side surface, specified portions of said upper surface 
being spatially arranged to define a plurality of segments, each such segment having a front edge a rear edge 
and two side edges and also having one or more protuberances positioned along said front edqe thereof ' 
_ . 2) applying a fluid coating (43, 53) to each protuberance; 

.3) depositing coated microspheres (44. 54) onto the fluid coating and allowing the microspheres (44 54) to 
become partially embedded in the coating; and r- v , / 

4) solidifying said fluid coating; 

said method being characterized in that each such segment has a spacing zone, free of protuberances having a 
longitudina length X given by X = H. tan(90« - 6). where H is a height of the one or more protuberances and 9 is 
an angle whose value is between about 8B.5'' and about 89.6-, said front edge of each such segment abutting the 
rear edge of an adjacent segment. ^ uimiy"ie 



12. 



The method of claim 1 1 further characterized in that said fluid coating comprises at least one of reflective piqment 
and UV-fluorescent pigment ^ ^ 



Patentanspriiche 



1. StraRenmarktenjngsbahnmaterial (20) mit einer kontinuierllchen Polymerbasisbahn (24) mit mehreren Vorsprun- 
gen (22. 40) auf ihrer oberen Flache. wobei festgelegte Abschnitte der oberen Flache raumllch angeordnet sind 
um mehrere Segmente zu definieren, wobei jedes der Segmente eine vordere Kante, eine hintere Kante und zwei 
Seitenkanten hat und mindestens einen aufrechten Retroreflektor (50) hat, der entlang ihrer vorderen Kante po- 
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sitioniert ist. wobei jeder Vorspmng mindestens eine Seitenflache hat, die retroreflektierende Elemente tragt um 
den aufrechten Retroreflektor (50) zu bilden, wobei die retroreflektierenden Elemente transparente Mikrokugein 
(44, 54) aufweisen, die teilweise in eine Binderschicht (43, 53) eingebettet sind und aus dieser vorstehen dadurcli 
gekennzGtchnet, da3: 

jedes der Segmente eine Abstandszone hat, die frei von aufrechten Retroreflektoren (50) ist. wobei die Ab- 
standszone eine sich in Langsrichtung erstreckende Lange X hat. die durch X = H/tan(9O«-0) gegeben ist 
wobei H eine Hohe des mindestens einen aufrechten Retro refiektors und 6 ein Winkel ist, dessen Wert zwl- 
schen etwa 88,5** und etwa 89,6*' liegt; und 

die vordere Kante jedes solchen Segments an die hintere Kante eines angrenzenden Segments anstoBt. 

2. Bahnmateriai nach Anspruch 1 , femer gekennzeichnet durch mindestens eines von folgendem; 

a) die Segmente weisen Anordnungen auf, die mehrere Reihen von aufrechten Retroreflektoren (50) aufwei- 
sen, wobei die Reihen parallel zu der vorderen Kante der Segmente sind; oder 

b) die aufrechten Retroreflektoren (50) sind versetzt; oder 

c) das Bahnmateriai weist mehrere Segmente auf. die mit einer Seitenkante eines ersten Segments ansto3end 
an eine Seitenkante eines zwelten Segments angeordnet sind. 

3. Bahnmateriai nach Anspruch 1 oder 2. wobei mindestens einige der aufrechten Retroreflektoren (50) Vorspriinge 
(22, 40) sind, die In der oberen Flache der Basisbahn ausgebildet sind, wobei die Vorsprunge retroreflektierende 
Elemente aufweisen. 

4. Bahnmateriai nach Anspruch 3, femer gekennzeichnet durch mindestens eines von folgendem: 

a) die Seitenflache der Vorsprunge (22. 40) bildet einen Winkel von mindestens 60^ zur Ebene der Basisbahn- 
Oder 

b) die Vorsprunge (22. 40) haben jeweils mindestens eine Abmessung in der Ebene der Basisbahn. die kleiner 
ist als etwa 15 mm. haben eine Hohe von mindestens etwa 1 mm und haben eine Seitenflache, die geeignet 
Ist. dem ankommenden Verkehr entgegenzustehen. wenn das Bahnmateriai auf eine Fahrbahn aufgebracht 
ist, und die einen Winkel zur Ebene der Basisbahn von mindestens etwa 30" bildet, wobei die Seitenflache 
retroreflektierende Elemente tragt, die aus der Flache vorstehen; oder 

c) die Vorsprunge (22, 40) nehmen nicht mehr als etwa 15 % der Flache der Basisbahn ein; oder 

d) die Flachen zwischen den Vorspriingen (22, 40) bilden ein verbundenes Gitter von Vertiefungen- oder ' 

e) die Flachen zwischen Vorspriingen (22, 40) bilden ein verbundenes Gitter von Vertiefungen, die' in bezug 
auf die Richtung der erwarteten Fahrstrecke diagonal verlaufen; oder 

f) alle Abmessungen der Vorspriinge (22, 40) in der Ebene der Basisbahn sind kleiner als etwa 15 mm; oder 

g) die Vorsprunge (22, 40) haben mindestens eine Abmessung in der Ebene der Basisbahn, die kleiner ist als 
etwa 1 0 mm; oder 

h) alle Abmessungen der Vorsprunge (22, 40) in der Ebene der Basisbahn sind kleiner als etwa 1 0 mm. 
5. Bahnmateriai nach Anspruch 4, femer gekennzeichnet durch mindestens eines von folgendem: 

a) die Mikrokugein (44, 54) haben einen Brechungs index zwischen etwa 1 ,75 und etwa 2,0; oder 

b) die Mikrokugein (44, 54) haben einen durchschnittlichen Durchmesser von etwa 50 ^m tils etwa 600 um- 
Oder 

c) die Mikrokugein (44, 54) sind bis zu einer Tiefe von annahemd 40 bis 65 % ihres durchschnittlichen Durch- 
messers eingebettet; oder 

d) die Binderschicht weist ultraviolett fluoreszierendes Pigment auf; oder 

e) die Binderschicht weist Flocken aus reflektierendem Pigment auf; oder 

f) die Binderschicht weist Flocken auf, die aus der Gruppe gewahit sind, die aus Aluminiumpartikeln und Perl- 
muttpigmenten besteht; oder 

. g) die Binderschicht weist ein diffus reflektierendes Pigment auf; oder 

h) die Binderschicht weist Flocken aus reflektierendem Pigment auf, wobei die Flocken 1 0 bis 50 Gew.-% des 
kombinierten Gesamtgewichts der Pigmentflocken und des Bindermediums aufweisen; oder 

i) die Binderschicht weist Flocken aus reflektierendem Pigment auf, wobei die Flocken 30 bis 45 Gew.-% des 
kombinierten Gesamtgewichts der Pigmentflocken und des Bindergewichts aufweisen; oder 

j) die Binderschicht weist Flocken aus reflektierendem Pigment auf, wobei die Flocken eine durchschnittliche 
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Lange von etwa 4 nm bis etwa 36 |im haben; oder 

k) die Binderschicht weist Flocken aus reflektierendem Pigment auf. wobei die Flocken die Tendenz haben 
sich mit ihren flachen Flachen annahernd tangential mit der Mikrokugel nahe dem unteren Ende der Mikrokuge) 
selbst auszurichten, wobei sie sich uber ihre breiteste Abmessung blegen, urn sich an die Kontur der Mikro- 
kugein anzupassen; oder 

I) die Binderschicht weist Flocken aus retroreflektierendenn Pigment auf, wobei die Flocken. wahrend sie sich 
iiber ihre breiteste Abmessung biegen, um sich an die Kontur der Mikrokugel anzupassen. einen groBeren 
Abstand von der Mikrokugel nahe dem Mitteipunkt der Mikrokugel haben, wo der Kontakt mit dem Binder 
endet, als am unteren Ende der Mikrokugel. 

6. Bahnmaterial nach einem der Anspriiche 1 bis 5, femer gekennzeichnet durch mindestens eines von folgendem:, 

a) die StraBenmarkierungsbahn hat einen groBeren Reflexionsgrad als eine vergleichbar aufgebaute Stra- 
Benmarkierungsbahn mit einer groBeren Anzahl von aufrechten Retroreflektoren; oder 

b) die StraBenmarkierungsbahn hat eine groBere Rutschfestigkeit als eine vergleichbar aufgebaute StraBen- 
markiemngsbahn mit einer groBeren Anzahl von aufrechten Retroreflektoren; oder 

c) die StraBenmarkierungsbahn hat eine erhohte AnpaBbarkeit an eine Unterlage als eine vergleichbar auf- 
gebaute StraBenmarkierungsbahn mit einer groBeren Anzahl von aufrechten Retroreflektoren. 

Bahnmaterial nach einem der Anspriiche 1 bis 6, femer dadurch gekennzelchnet, daB die Retroreflektoren (50) 
Wurfe I ec ken retroreflektoren sind. 



7. 



8. Bahnmaterial nach einem der Anspruche 1 bis 7. das in einer Rollenform auf sich selbst aufgewlckelt ist. 

9. Bahnmaterial nach einem der Anspruche 1 bis 8, ferner dadurch gekennzelchnet, daB die aufrechten Retroreflek- 
toren (60) eine Basisfonn haben, die aus folgendem gewahit ist: Vieleck, Kreis oder Oval. 

10. Bahnmaterial nach Anspruch 9, femer gekennzelchnet durch mindestens eines von folgendem: 

a) die aufrechten Retroreflektoren (50) haben eine Basisform, die rechtecklg ist, wobei die aufrechten Retro- 
reflektoren auf der Basisbahn so ausgerichtet sind, daB eine der Diagonalen durch gegenuberliegende Ecken 
jedes Elements im wesentlichen parallel mit der Langsachse des Bahnmaterials ist; oder 

b) die aufrechten Retroreflektoren (50) haben eine Basisfonn, die rechtecklg ist, wobei die aufrechten Retro- 
reflektoren auf der Basisbahn so ausgerichtet sind. daB eine der Seiten jedes Elements im wesentlichen par- 
allel mit der Langsachse des Bahnmaterials Ist. 

11. Verfahren zur Herstellung eines StraBenmari<ierungsbahnmaterials (20), wobei das Verfahren die Schritte auf- 
weist: 

1) Bereitstellen einer kontinuieriichen Polymeriaasisbahn (24) mit mehreren Vorspmngon (22, 40) auf ihrer 
oberen Flache, wobei jederVorsprung (22. 40) mindestens eine Seitenflache hat, wobei festgelegte Abschnitte 
der oberen Flache raumlich angeordnet sind, um mehrere Segmente zu bllden, wobei jedes solches Segment 
eine vordere Kante. eine hintere Kante und zwei Seitenkanten und auch mindestens einen Vorsprung hat, der 
entlang ihrer vorderen Kante positioniert ist; 

2) Aufbringen einer flieBfahigen Beschichtung (43, 53) auf jeden Vorsprung; 

3) Ablagem von beschichteten Mikrokugein (44, 54) auf die flieBfahige Beschichtung und Zulassen, daB die 
Mikrokugein (44, 54) teilweise in die Beschichtung eingebettet werden; und 

4) Erstarrenlassen der flieBfahigen Beschichtung; 

wobei das Verfahren dadurch gekennzelchnet ist, daB jedes solches Segment eine Abstandszone hat. die frei von 
Vorspriingen ist und eine sich in Langsrichtung erstreckende Lange X aufweist, die durch X = H/tan(90<»-e) gegeben 
ist, wobei H die Hohe des mindestens einen Vorsprungs und 9 ein Winkel ist, dessen Wert zwischen etwa 88 5" 
und etwa 89,6o liegt, wobei die vordere Kante jedes der Segmente an die hintere Kante eines angrenzenden 
Segments anstoBt. 

1 2. Verfahren nach Anspruch 1 1 , femer dadurch gekennzelchnet. daB die flieBfahige Beschichtung ein ref lektierendes 
Pigment und/oder ein UV-fluoreszierendes Pigment aufweisL 
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Revendications 



1 . Materiau en feuilie pour marquage routier (20) comportant une feuille polymere continue de base (24) presentant 
une plurality de protuberances (22. 40) sur sa surface sup^rieure, des portions sp6cifiees de ladite surface sup6- 
rieure etant disposees spatialement pour definir une pluralite de segments, chacun desdits segments presentant 
un bord avant, un bord arriere et deux bords lateraux et ayant un ou plusieurs retroreflecteurs verticaux (50) 
positionnes pres de son dit bord avant, chaque protuberance presentant au moins une surface lateral© portant 
des elements r6tror6flechissants pour former ledit retror^flecteur vertical (50), lesdits Elements r6tror6fl6chissants 
comprenant des microspheres transparentes (44. 54) partiellement enrobees dans une couche de liant (43 53) 
et en depassant, caracterise par le fait ' 

que chaque dit segment pr^sente une zone d'espacement exempte de retroreflecteurs verticaux (50) la zone 
d'espacement ayant une longueur longitudinale X donnee par X = H/tan (90*» - G) ou H est une hauteur d'un 
ou de plusieurs retroreflecteurs verticaux et 9 est un angle dont la valeur vaut entre environ 88 5" et environ 
89,6" ; et . . ' 

que ledit bord avant de chaque dit segment bute centre le bord arriere d'un segment adjacent. 

2. Le materiau en feuille de la revendication 1 , caracterise en outre par au moins I'une des caracteristiques suivantes : 

a) lesdits segments comportent des distributions de retroreflecteurs qui comprennent une pluralite de rangees 
de retroreflecteurs verticaux (50), lesdites rangees etant paralieies audit bord avant desdits segments • ou 

b) lesdits retroreflecteurs verticaux (50) sont decaies ; ou 

c) ledit materiau en feuille comporte une pluralite de segments disposes avec un bord lateral d'un premier 
segment butant centre un bord lateral d'un second segment. 

3. Le materiau en feuille de la revendication 1 ou 2. dans lequel au moins certains dss retroreflecteurs verticaux (50) 
sont des protuberances (22. 40) formees dans ladite surface superieure de la dite feuille de base, lesdites protu- 
berances comportant sur elles des elements retrorefiechissants. 

4. Le materiau en feuille de la revendication 3, caracterise en outre par au moins Tune des caracteristiques suivantes : 

a) ladite surface laterale desdites protuberances (22, 40) fomie un angle d'au moins environ SO-avec le plan 
de ladite feuille de base ; ou 

b) chacune desdites protuberances (22, 40) a au moins une dimension dans le plan de la feuille de base qui 
est inferieure a environ 15 mm, a une hauteur d'au moins environ 1 mm et a une surface laterale qui est 
adaptee pour faire face au trafic approchant iorsque ledit materiau en feuille est applique sur une chaussee 
et qui forme avec le plan de la feuille de base un angle d'au moins environ 30^ ladite surface laterale portant 
des elements retrorefiechissants depassant de la surface ; ou 

_ , c) lesdites protuberances (22, 40) n'occupent pas plus d'environ quinze pour cent de I'aire de ladite feuille de 
base ; ou 

d) les zones situees entre lesdites protuberances (22, 40) ferment un reseau de sillons communicants • ou 

e) les zones situees entre les protuberances (22, 40) fomient un reseau de sillons communicants orientes 
diagonalement par rapport ^ la direction des deplacements attendus sur la route ; ou 

f) toutes les dimensions desdites protuberances (22. 40) dans le plan de ladite feuille de base sont inferieures 
k environ 15 mm ; ou 

g) les protuberances (22, 40) ont, dans le plan de ladite feuille de base, au moins une dimension inferieure ^ 
environ 10 mm ; ou 

h) toutes les dimensions desdites protuberances (22, 40) dans le plan de ladite feuille de base sont inferieures 
k environ 1 0 mm. 

5. Le materiau en feuille de la revendication 4, caracterise en outre par au moins I'une des caracteristiques suivantes : 

a) lesdites microspheres (44, 54) ont un indice de refraction valant entre environ 1 ,75 et environ 2,0 ; ou 

b) lesdites microspheres (44, 54) ont un diametre moyen allant d'environ 50 micrometres k environ 600 
micrometres ; ou 

c) lesdites microspheres (44, 54) sont enrobees jusqu'^ une profondeur d'environ 40 k 65% de leur diametre 
moyen ; ou 

d) ladite couche de liant comporte un pigment k fluorescence par ultraviolet ; ou 
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e) ladite couche de liant comporte des ecailles de pigment reflechissant ■ ou 

f) ladite couche de liant comporte des ecailles choisies dans le groups constitue de particules d'aluminium et 
de pigments nacres ; ou 

g) ladite couche de liant comporte un pigment k reflexion diffuse ; ou 

h) ladite couche de liant comporte des ecailles de pigment reflechissant, lesdites ecailles comprennent 10 a 
50% en poids du poids total des ecailles de pigment et du liant combines • ou 

i) ladite couche de liant comporte des ecailles de pigment reflechissant, lesdites ecailles comprennent 30 a 
45 /o en poids du poids total des 6cailles de pigment et du liant combines ; ou 

j) ladite couche de liant comporte des ecailles de pigment reflechissant. lesdites ecailles presentant une lon- 
gueur moyenne allant d'environ 4 micrometres h environ 36 micrometres ■ ou 

k) ladite couche de liant comporte des Ecailles de pigment r6fl6chissant, lesdites 6cailles tendent k s'orienter 
d e es-memes avec leurs surfaces plates venant approximativement tangentiellement a la microsphere pr6s 
de la base de la microsphere, en se cintrant sur leur plus grande dimension pour se conformer au contour de 
la microsphere ; ou 

I) ladite couche de liant comporte des Ecailles de pigment reflechissant. lesdites ecailles bien que se 
cmtrant sur leur plus grande dimension pour se conformer au contour de la microsphere sont a plus 
grande distance de la microsphere pres du point median de la microsphere ou cesse le contact avec le 
liant qu'& la base de la microsphere. 

6. Le materiau en feuille de Tune quelconque des revendications 1 a 5, caracterise en outre par au moins I'une des 
caract^risiiques sulvantes : 

a) ladite feuille pour marquage routier pr6sente une reflectance superieure k celle d'une feuille pour marquaqe 
routier, de construction comparable, comportant un plus grand nombre de retror6flecteur3 verticaux -ou 

b) ladite feuille pour marquage routier pr6sente une resistance au patlnage des roues superieure k celle d'une 
feuille pour marquage routier, de construction comparable, comportant un plus grand nombre de retroreflec- 
teurs verticaux ;ou 

c) tadite feuille pour marquage routier presente une possibilite de se confotmer a un substrat superieure & 
celle d une feuille pour marquage routier, de construction comparable, comportant un plus grand nombre de 
retroreflecteurs verticaux . 

7. Le materiau en feuille de I'une quelconque des revendications 1 k 6, caracterise en outre par le fait que lesdits 
retroreflecteurs (50) sont des retroreflecteurs du type k sommets trirectangulaires. ^' H cs 

8. Le materiau en feuille de Tune quelconque des revendications 1 k 7, bobine sur lul-meme en forme de rouleau. 

9. Le materiau en feuille de I'une quelconque des revendications 1 k 8, caracterise en outre par le fait que lesdits 
jetroreflechisseurs verticaux (50) ont une forme de base choisie pamii les suivantes : polygene, cercle. ou ovale. 

10. Le materiau en feuille de la revendication 9. caracterise en outre par au moins I'une des caracteristiques suivantes : 

a) lesdits retroreflecteurs verticaux (50) ont une fomrie de base qui est rectangulaire. lesdits retroreflecteurs 
verticaux etant orientes sur la feuille de base de fagon que I'une des diagonaies reliant les angles opposes 
de chaque element sott sensiblement paralieie k I'axe longitudinal du materiau en feuilles • ou 

b) lesdits retroreflecteurs verticaux (50) ont une fomie de base qui est rectangulaire, lesdits retroreflecteurs 

verticaux etant orientes sur lafeuille de base de fapon que I'une des faces dechaque element soit se^ 
paralieie k I'axe longitudinal du materiau en feuille. 

11. Precede de fabrication d'un materiau en feuille pour marquage routier (20), ledit precede comportant les etapes 
consistant a ^ 
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1) disposer d'une feuille polymere continue de base (24) presentant une pluralite de protuberances (22 40) 
sur sa surface superieure. chaque protuberance (22. 40) presentant au moins une surface laterale des por- 
tions specifiees de ladite surface superieure etant disposees spatialement pour definir une pluralite de sea- 
ments, chacun desdits segments presentant un bord avant. un bord arriere et deux bords lateraux et avant 
un ou ptusieurs retroreflecteurs verticaux (50) positionnes pres de son dit bord avant, 

2) appliquer sur chaque protuberance un revetement fluide (43. 53) ; 
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3) deposer des microspheres revetues (44. 54) sur le revetement fluide et laisser les microspheres (44 54^ 
s enrober partiellement dans fe revetement ; et h i 

4) solidifier ledit revetement fluide ; 

ledit precede se caracterisant par le fait que chacun de ces segments presente une zone d'espacement exemote 
de protuberances, la zone d'espacement ayant une longueur longitudinate X donnee par X = H/tan (90^ - 9) ou H 
est una hauteur d'un ou de plusieurs retroreflecteurs verticaux et 6 est un angle dont la valeur vaut entre environ 
88,5 et environ 89.6» ; ledit bord avant de chaque dit segment butant contre le bord arrifere d'un segment adjacent. 

1 2. Le precede de la revendication 1 1 . caracterise en outre par le fait que ledit revetement fluide comporte au moins 
I un des pigments r6fl6chlssants et un pigment k fluorescence par ultraviolet. 
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